This item was submitted to Loughborough's Institutional Repository by the author and is made available under the following Creative Commons Licence conditions.
For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ The findings of this study are presented as additions to the existing knowledge base of clothing insulation, and provide for the first time data for Arabian Gulf clothing. The analysis showed that for these non-Western clothing designs, the most widely-used regression calculation of cl f is not valid. However, despite the very large errors in cl f made with the regression method, the errors this causes in the intrinsic clothing insulation value, cl I , are limited.
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Introduction
Social custom, cultural needs and regional climate can play an important role in the development of people's clothing and style (i.e. garments and ensembles). Like other clothing worn in different cultures and societies, garments and ensembles worn in the Arabian Gulf region are designed in a shape and style so as to generate for the wearer an acceptable human thermal sensation for a geographical region that is extremely hot 
Clothing Description

Gulf Male Traditional Clothing
Arabian Gulf male clothing ensembles in summer differ from those of the winter months in terms of their thicknesses and colours. Traditional Arabian Gulf male garments and ensembles consist of underwear ensembles, gowns and jackets.
The main Arabian Gulf male ensembles and garments that are most common and that may distinguish Arabian Gulf male clothing from other people's clothing (non-Arabian ensembles and garments) are described in the following sections. Jackets or coats are commonly worn on top of winter garments and ensembles.
2.1.2.
The male Headdress consists of three pieces. These pieces can be described as follows. Firstly, the 'Kuffiya' (or may be called the 'Taqia') is a closefitting cap (or closed skull cap) that is made of crocheted fine cotton to cover the head and to provide a firm foundation upon which to drape the Ghutra (which is explained next). Secondly, the Ghutra is a large square-shaped cloth made from a wide selection of fabrics. As summer wear, a white Ghutra is favoured; this is made of a fine cotton voile. A white and red Ghutra (sometimes called a Shemagh) is a favourite winter wear, and consists of a red and white chequered cloth that is made from a heavier cotton blend or soft wool blend. In general, the Ghutra can be worn only after being folded into a triangular shape. Finally, the Egal is a headband that holds everything (i.e. Kuffiya and Ghutra) on the head and is made of a double circlet of twisted black wool or nylon cord, which anchors the headdress on the head. 
Male underwear consists of a T-shirt and underpants
Gulf Female Traditional Clothing
Arabian Gulf female clothing consists basically of three types of ensembles and The main Arabian Gulf female ensembles and garments that are most common and may distinguish the Arabian Gulf female clothing from other people's clothing (non-Arabian ensembles and garments) are described in the following sections.
2.2.1.
The 'Daraa' is a traditional gown that falls in a straight line from the shoulder to the ankle, with two long sleeves that are tapered toward the wrist. The Daraa can be designed in a loosely-fitting or closely-fitting shape, and can vary according to the colour, thickness and decorations, the latter usually being embroidered in gold thread. Fig. 3 .
Experiments and Methods
The male and female garments and ensembles selected in this study are representative of Arabian Gulf clothing worn for winter and summer seasons. A quantitative description of Arabian Gulf male and female clothing, including the weights of individual garments and ensembles, fabric composition and body surface area coverage is provided in Table 1 and Table 2 .
A thermal manikin of male form ('Newton', MTNW, Seattle, USA) and one of female form ('Victoria', P.T.Teknik, Denmark) were used for the investigation. As results are intended to be added to ISO 9920, manikin measurements and surface area measurements were conducted in accordance with advice given in that standard. Each manikin was placed in a controlled environmental chamber and dressed in the respective Arabian Gulf male and female garments and ensembles described above. 
where ƒ i is the area fraction of segment (i) A sk(i) , related to whole body area A sk , and calculated using:
In equation (1), a t is the ambient temperature, sk t is the mean skin temperature (in this case uniform over the body) and i H is the local heat flux of segment (i) in W/m 2 .
In order to determine the intrinsic clothing insulation cl I , the clothing area factor is required as defined in the following equation:
where I cl is the intrinsic or basic clothing insulation, which is defined as the insulation from the skin surface to the clothing surface.
Determination of clothing area factor cl f
The clothing surface area factor cl f is defined as the ratio of the surface area of a 
Note that cl f is solved iteratively using equations 3 and 4.
The most reliable approach, however, is to measure clothing area factors using photographic techniques or computer-aided anthropometric scanning (Havenith, 2005) .
In this study, cl f values of Arabian Gulf clothing were determined using photographs (taken by a high resolution digital camera) of the front view of the clothed person.
Photographs were also taken of the same person dressed in a skin tight undergarment, which is used as the nude condition. These were then compared with photographs taken of the person wearing garments and ensembles of Arabian Gulf clothing. Advantages and disadvantages of the latter techniques may be found in Havenith (2005) and
McCullough and Jones (1984).
Results
Sketches of male and female garments are shown in Fig. 2 and Fig. 3 .
The cl f values determined for Arabian Gulf male and female clothing ensembles by the two methods are given in Fig. 4 , and the impact of the differences in the calculation of cl I (using equation (4)) is presented in Fig. 5 .
The differences between the results for cl f obtained by photographic techniques and by regression (i.e. Equation (3)) for male ensembles and garments are in the range of 5 to 19%, while for female ensembles and garments they are in the range of 3 to 29%. Fig. 4 clearly shows that the equation method makes large errors in the determination of cl f , the average deviation being around 14%. These differences may be attributed to the relatively sophisticated layout or design of Arabian Gulf clothing. The effect of these differences in cl f on the calculation of cl I is smaller than the cl f differences. They range on average at 6%, with a range of -0.5 to 15%. Other existing prediction equations for cl f (e.g. in McCullough and Jones, 1984) will not give a consistently better performance than the one used here, as they all are linearly related to clothing insulation.
Additions of garments to an ensemble will always increase the predicted cl f . However, in reality this may cause compression of fabric and air layers (Zhu et al., 1985) , thereby reducing cl f . This may be observed in the male winter clothing of ensemble Number 5 (Table 3) , where a jacket was additionally worn. This yields a clothing area factor value (i.e. 1.45) lower than that of the clothing area factor value of ensemble Number 4 (i.e.
1.46), without the jacket.
The findings for clothing thermal insulation of Arabian Gulf garments and ensembles for males and females are presented in Table 3 and Table 4 Until now, people applying ISO heat and comfort standards to work places in the Gulf region had to use estimates for the insulation of the clothing types worn, relying on tables of Western clothing as given in ISO9920. Also, they had to rely on the regression prediction of the clothing area factor cl f , which this study has shown to be unreliable.
Having these new data available is expected to improve the reliability of thermal assessments with the respective ISO heat and comfort standards and thus contribute to workers' comfort and health.
Conclusions
This paper provides a lookup table for clothing insulation of ensembles typical of the Arabian Gulf region. This can be used in the assessment of indoor climate, thermal comfort, in building design, and in the application of ISO heat stress standards for which, until now, no data for Arabic clothing were available.
In addition, the paper shows that for non-Western design clothing, prediction equations established in ISO 9920, ISO 7730, ASHRAE standard 55 etc. for the calculation of the clothing area factor do not provide a reliable result. The percentage differences between the predictions and measured data ranged between 5 to 19% for male clothing, and 3 to 29% for female clothing. Thus, for non-Western design clothing, cl f factors will need to be measured. The impact of the error made on the calculation of cl I is smaller than the error in cl f itself. The differences in cl I between the two methods are less than half those in cl f . Thus, limited knowledge of, or a relatively large error in, cl f will have limited impact on the calculation of cl I .
It is expected that with the availability of the data presented here, reliability of heat stress and comfort predictions for this geographic area using the ISO-models will improve. 
